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1. Introduction
   Human cutaneous leishmaniasis is one of the oldest known 
diseases in Iran[1], which is endemic to many parts of the 
country[2]. There are two forms of cutaneous leishmaniasis in 
Iran. Documented cases of disease have been reported both 
in urban and rural areas. Zoonotic cutaneous leishmaniasis 
is prevalent in seventeen out of thirty-one provinces of 
Iran[3]. Confirmed cases of this disease have been reported 
from most parts of the country and estimated to be about 
80% of all reported cases of leishmaniasis in Iran. Gerbils 
such as Rhombomys opiums are the main wild reservoirs of 
this disease in different areas[1]. Also many rural and urban 
areas have high incidence rate of anthroponotic cutaneous 
leishmaniasis[4-6]. Visceral leishmaniasis which damages 
the internal organs is another form of leishmaniasis in 
Iran[7]. It is prevalent in south and northwest of Iran and is 
found in carnivorous mammals such as dogs and jackals[8].
   Despite successive efforts, financial supports and 
scientific struggles to reduce the burden of the disease in 
last decades, the annual incidence of leishmaniasis in Iran 
has increased by 43% from 2002 to 2006[9], and continues to 
grow as health threat[1].
   Previous studies conducted by Adler et al. on sandflies 
collected from sandfly resting sites in Rasht, Hamadan 
and Tehran showed that Phlebotomus kandelaki (P. 
kandelaki), Phlebotomus chinensis, Phlebotomus caucasicus 
(P. caucasicus) and Phlebotomus wenyoni (P. wenyoni) 
were the most common species collected[9]. The presence 
of Phlebotomus chinensis was suspected as the probable 
indicator of the presence of kala-azar or visceral 
leishmaniasis in the area[9]. Nadim and Javadian published 
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an identification key for 19 Phlebotomus and 17 Sergentomyia 
sandflies of Iran and this key was later updated by a pictorial 
key to include 27 Phlebotomus and 16 Sergentomyia species 
of Iranian sandflies[10,11]. According to recent publications 
so far 26 Phlebotomus species and 18 Sergentomyia species 
have been reported from Iran[12]. There are reports relating to 
presence of seven additional species of sandflies in country 
that is not confirmed yet as well[1]. The initial research on 
sandfly vector incrimination was conducted by Adler et al[9]. 
He dissected wild caught sandflies as well by infecting them 
in the laboratory and showed multiplication of leptomonad 
3-6 d post infective blood meal. Further study on vectors 
of leshmania parasite was started from 1964 and it showed 
natural promastigote infection in 13 species of Phlebotomus 
and 3 species of Sergentomyia[1].
   Between 2002-2007 Zahirnia et al.[13], carried out an 
epidemiological survey in Hamadan that indicated 
occurrence of about 210 cases of cutaneous leishmaniasis in 
this province. According to their study 99% of the patients 
had a history of traveling to and/or staying at endemic areas. 
The latest work on fauna of Phlebotominae in Hamadan 
was done by Nazari and Zahirnia about 20 years ago. They 
reported collection of 4 871 sandflies belonging to seven 
species of Phlebotomus and two species of Sergentomyia[14].
   The present investigation have been carried out in 
Hamadan in the past 3 years on the fauna of Phlebotominae 
sandflies. The main objective of study was to find the 
diversity of Phlebotomus species in Hamadan and its suburb. 
To investigate the infection status of leishmania parasite 
some engorged female sandflies were also tested for the 
presence of infection. 
2. Materials and methods
2.1. Description of the study area
   The city of Hamadan (33°59’-35°48’ N and 47°34’-49°36’ E) is 
located in about 336 km south west of Tehran, on the northern 
foothills of the Mountain Alvand ranging from 190 km east of 
Kermanshah to 530 km north west of Isfahan at the elevation 
of about 1 800 m above sea level. The average minimum 
and maximum monthly temperatures in January and June 
are -2.7 °C and 25.6 °C, respectively. The average relative 
humidity ranges from 25% in July to 71% in January. 
2.2. Collection and identification
   During three consecutive years (2010-2012) from May to 
October sandflies were sampled monthly from residential 
areas of Hamadan and selected villages located north, south, 
west and east of the city.
   Based on distance from mountain slopes the sampling sites 
were divided into two distinct mountainous areas, including 
villages of Barfchin, Silvar and Dare-Morad-Beigh located 
in the vicinity of mountain and also plain areas including 
villages Pahnebor, Grachegi and Hesar-e-Agha-Shams 

















Figure 1. Map of Hamadan city and the locations of investigation. 
A, B and C: The plain areas; D, E and F: The mountainous areas. Black 
square is the center of the city.
   Sandflies were captured using sticky trap (21.0 cm伊
29.5 cm paper soaked in castor oil). The traps (50 papers per 
village) were installed in the afternoon before sunset and 
collected in the morning just before sunrise. Oil paper traps 
were placed near animal burrows, near mud walls, stables 
and other places likely to harbor sandflies. Traps were also 
occasionally set inside houses.
   All collected sandflies except those dissected, were 
first soaked in ether to remove oil. The specimens were 
then mounted in Puri’s medium at least 24 h before 
identification[15]. The sandflies were identified using 
taxonomic keys and compared with species of the standard 
collection to the extent possible according to the keys 
described by Nadim and Javadian[10], Lewis[16], Akhoundi et 
al.[17], and a pictorial key[18]. Females were identified based 
on the shape of their spermatheca, pharynx armature and 
cibarial teeth. Males were identified by the shape of their 
genitalia. 
2.3. Dissection of  female sandflies
   Most of the engorged female sandflies captured from 
residential buildings and some of the sandflies from outdoor 
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were dissected for the presence of promastigotes. Female 
sandflies (preferably alive) were washed in 0.5% detergent 
(dishwashing liquid) for a few seconds and examined 
microscopically in a fresh drop of sterile saline by making 
an incision at the base of the abdomen and expelling the 
entire gut. 
3. Results
   A total of 3 089 sandflies belonging to 10 species of the 
genus Phlebotomus and two species of genus Sergentomyia 
sandflies were collected and identified. Of the collected total 
male sandflies comprised about 73% of the samples. As can 
be seen in Table 1 among the species belonging to genus 
Phlebotomus, Phlebotomus papatasi (P. papatasi) and P. 
kandelaki were the most predominant species, comprising 
36.6% and 38.1% of the total number of specimens, 
respectively. The sex ratio (number of males/females伊100) of 
P. kandelaki and P. papatasi was 277 and 259, respectively.
Table 1
Distribution of Phlebotomus and Sergentomyia species in Hamadan 
county from May to October between 2010 to 2012.
Species Mountainous 
areas




Female Male Female Male 
P. papatasi           137 379 171 443 1 130 36.6
P. kandelaki    163 486 140 388 1 177 38.1
P. major 70 82 25 32 209  6.8
P. sergenti       18 48 35 95 196  6.3
P. caucasicus 1 2 39 123 165  5.3
P. halpensis 0 12 0 0 12 ≤1.0
P. longiductus 0 1 0 0 1 ≤1.0
P. comatus 0 4 0 0 4 ≤1.0
P. wenyoni * 39 * 2 41  1.3
P. alexandri 1 0 0 0 1 ≤1.0
S. sintoni          9 15 15 52 91  2.9
S. dentata         11 22 10 19 62  2.0
Total 410 1 090 435 1154 3 089 100.0
*: Not distinguishable. P. major: Phlebotomus major; P. sergenti: 
Phlebotomus sergenti; P. halpensis: Phlebotomus halpensis; P. 
longiductus: Phlebotomus longiductus; P. comatus: Phlebotomus 
comatus ;  P. alexandri :  Phlebotomus comatus ;  S.  s intoni : 
Sergentomyia sintoni; S. dentata: Sergentomyia dentata.
   P. major was the third most abundant species followed 
by P. sergenti, P. caucasicus, and P. wenyoni each with 
6.8%, 6.3%, 5.3% and 1.3% of total catched Phlebotominae, 
respectively. Other species including P. halpensis, P. 
longiductus, P. comatus and P. alexandri each comprised 
only less than 1% of collected samples. These species as well 
as previously mentioned Phlebotomus species all are known 
to take blood meals on mammals. P. halpensis, P. comatus 
and P. longiductus were captured only in mountainous 
areas. P. sergenti was more abundant in plain areas (4.2% 
and 2.1% plain areas and mountainous areas, rerspectively). 
P. major was more abundant in mountainous areas (4.9% in 
comparison to 1.8%).
   Among the sampling stations, Hesar-e-Agha-Shams 
-Ali located in eastern border of the city was shown to have 
the highest number of sandflies. On the contrary the south 
border of the village Dare-Morad-Beigh which is located in 
the northern slop of Alvand Mountain had the lowest number 
of sandflies.
   The result of dissection revealed no leishmanial infection 
in 158 blood-fed and semi-gravid females of P. kandelaki 
and P. papatasi (80 and 78 sandflies respectively). The mean 
catch per trap was 0.97 or less than one sandfly per trap. 
4. Discussion
   The first documented investigation about vectors of 
leishmaniasis in Hamadan was published by Adler et al[9]. 
Since then some other investigators such as Mesghali, 
Rashti, Javadian and Yagoobi-Ershadi carried out 
researches relevant to sandflies which showed presence of 
additional species such as P. alexandri, Phlebotomus ansari, 
Phlebotomus brevis, P. halepensis, Phlebotomus keshishiani, 
P. longiductus, Phlebotomus tobbi, Sergentomyia sintoni 
and Sergentomyia theodori[19]. The last publication was 
presented by Nazari and Zahirnia in which they have not 
reported P. wenyoni, P. alexandri, Phlebotomus brevis, 
Phlebotomus keshishiani, P. logiductus, Phlebotomus tobbi 
and Sergentomyia theodori[14]. Although in the present study 
we found P. comatus which has not been reported from 
Hamadn before this study, the number of these species was 
lower than previous researches. The difference in number 
of reported species may be related to the extent of studied 
area. Present study was concentrated mainly on central part 
of Hamadan province which may justify the differences. 
Another possibility can be changes of distribution of 
sandflies due to changes in climatic conditions or other 
factors of area in last decades.
   It seems that in previous studies at least some specimens 
of P. comatus had been mistakenly identified as P. 
longiductus, due to some morphological factors such as 
the number of hair on coxite and width of coxite[18]. In the 
present study they were identified correctly.
   Regarding vectorial capacity at least five species that were 
collected in the present study, P. papatasi, P. kandelaki, 
P. major, P. sergenti and P. halepensis are either confirmed 
or suspected vectors in other parts of Iran and/or other 
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countries[20-22].
   Despite presence of vectors of cutaneous and visceral 
leishmaniasis in Hamadan, all  reported cases of 
leishmaniasis in this area are cutaneous leishmaniasis 
and due to studies of Zahirnia et al.[13], almost all cases 
are imported from other cities. Such fact is in agreement 
with the result of our study. One of the most important 
factors in transmission of leishmaniasis is the presence of 
sandflies harboring leishmanial infection. During present 
study despite dissection of many engorged female sandflies 
we could not find any leishmanial infection in either P. 
kandelaki or P. papatasi which were the most predominant 
sandflies in Hamadan.
   Absence of transmission may have different reasons. 
For example vector density is one of important factors. 
The comparison the results in this study with previous 
studies carried out in endemic foci of leishmaniasis such 
as Tehran[23], Esfahan or Azerbaijan[22,24], shows that 
although the density of sandflies such as P. papatasi or 
P. sergenti captured by sticky traps in Hamadan in some 
cases is relatively high, in most cases the overall number 
of sandflies per trap is much more lower than foci of 
leishmaniasis in Iran such as Azerbaijan for example (0.97 
and 1.47 specimens per trap per night respectively).
   Comparing the ratio of male to female in our study reveals 
an interesting point. It is that by using sticky trap in present 
study in most cases the number of male sandflies were 
higher than females (in most cases 2 or 3 to 1). The reason 
of such difference may be related to method of collection 
as the studies of Volf et al.[25], and Toprak and Ozer[26], 
showed the ratio of male to female in sandflies captured by 
light trap was dramatically different from present study (for 
example 1.3 to 3.9 in case of P. sergenti). 
   This difference also could be due to more elongated body 
of male sandflies and more chance for male sandflies to 
stuck when encountering sticky surfaces but also it may 
show real difference between ratio of female to male in 
present study which can affect blood sucking capability of 
sandflies population. The consecutive presence of sandflies 
during summer in Hamadan may indicate another biological 
aspect of sandflies. Since at temperature about 28 °C male 
sandflies usually live about 14 d and rarely more than 22 
d after emergence[27-29], and presence of 1-2 generation 
in this area (ongoing study by authors), it seems that at 
least for some breeds pupation and/or appearance of adult 
sandflies occur gradually in warm season.
   Presence of reservoir is another factor relating to 
transmission. The studies of Zahirnia et al. showed some 
patients with active sores of cutaneous leishmaniasis, which 
could be potential reservoir host[13]. To find out other factors 
affecting transmission of leishmaniasis we compared the 
climatic situation of Hamadan with foci of leishmaniasis 
in Iran. One of the interesting findings was the relatively 
lower temperature of Hamadan in the mornings. As the 
information was acquired from Iran, meteorological 
organization showed there is about 2 °C difference between 
average minimum temperature of Hamadan and cities with 
relatively similar situation such as Meshginshar (located 
on mountainous area of Ardebil province)  in active season 
which have been reported as a focus of leishmaniasis. 
   Although the transmission of leishmaniasis has not been 
confirmed in Hamadan due to effects of climate change 
on vector-borne diseases[30], predicted global warming, 
presence of some important vectors, patient or potential 
reservoir and distribution of leishmaniasis in Iran[31], it is 
probable that in the future environmental changes as well 
as migration, urbanization or other factors can cause the 
transmission of leishmaniasis in this area.
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